Introduction
============

Despite discouragement from the medical community, \>50 million Muslim individuals with type 2 diabetes mellitus (T2DM) fast during the holy month of Ramadan each year, abstaining from food, water, and the use of oral medications between dawn and sunset.[@b1-dmso-9-225] Without relevant medical advice and intervention, fasting can put patients with T2DM at an increased risk of serious complications, including hypoglycemia, a result of missed and irregular meals together with the use of antidiabetic medication.[@b1-dmso-9-225]--[@b3-dmso-9-225] Indeed, the EPIDIAR study that involved 11,173 patients with T2DM reported a significant 7.5-fold increase in the risk of severe hypoglycemia during Ramadan, compared with previous months.[@b1-dmso-9-225],[@b3-dmso-9-225] Consequences of severe hypoglycemia can include cardiovascular complications, dementia, and death.[@b4-dmso-9-225],[@b5-dmso-9-225] Age itself is associated with an increased risk of hypoglycemic events (HEs),[@b2-dmso-9-225],[@b4-dmso-9-225] and elderly patients with T2DM are at a greater risk of developing serious complications from hypoglycemia.[@b2-dmso-9-225],[@b4-dmso-9-225]--[@b6-dmso-9-225] In fact, elderly patients with ill health have been identified as a high-risk population requiring careful management during fasting.[@b1-dmso-9-225]

Antidiabetic medication -- particularly agents that increase insulin secretion independent of blood glucose -- is a main cause of hypoglycemia in the nonfasting population with T2DM.[@b2-dmso-9-225],[@b4-dmso-9-225] A consensus document that outlines best practices for the management of patients with diabetes fasting during Ramadan advocates the use of antidiabetic agents that act by increasing insulin sensitivity rather than insulin secretion, thereby lowering the risk of hypoglycemia.[@b1-dmso-9-225] For example, caution is advised for fasting patients receiving treatment with sulfonylureas (SUs)[@b1-dmso-9-225] because they increase insulin independent of blood glucose levels and are associated with a higher risk of HEs compared with other antidiabetic drugs.[@b4-dmso-9-225] Furthermore, adjustments to the timing and dosing of particular antidiabetic treatments, including metformin and SUs, are recommended for patients wishing to fast during Ramadan.[@b1-dmso-9-225] Accordingly, agents that promote glucose-dependent insulin release and enhance peripheral insulin action represent valuable treatment options for T2DM, particularly during the Ramadan period.[@b7-dmso-9-225]

Dipeptidyl peptidase-4 (DPP-4) inhibitors modulate insulin and glucagon secretion in a glucose-dependent manner and are associated with a low risk of hypoglycemia, a finding consistently reported across different patient populations with T2DM.[@b8-dmso-9-225]--[@b14-dmso-9-225] Unlike SUs, no specific adjustments to DPP-4 treatment regimens are recommended for fasting patients.[@b1-dmso-9-225] Vildagliptin is a potent and selective DPP-4 inhibitor[@b9-dmso-9-225] and is associated with a lower incidence of HEs in head-to-head clinical trials with SUs.[@b11-dmso-9-225]--[@b14-dmso-9-225] Moreover, a lower incidence of HEs with vildagliptin and with other DPP-4 inhibitors relative to SUs has been reported in studies of Muslim patients with T2DM fasting during Ramadan.[@b15-dmso-9-225]--[@b20-dmso-9-225] One such report was from the VIRTUE study, a prospective, observational trial conducted in \>1,300 Muslim patients from Asia and the Middle East in a real-life setting.[@b20-dmso-9-225]

This article reports the results of a post hoc analysis of the VIRTUE study data, which assessed the effect of treatment type (monotherapy or dual therapy with metformin) and patient age (\<65 years or ≥65 years) on the incidence of HEs and changes to glycated hemoglobin (HbA1c) and body weight with vildagliptin relative to SUs in patients with T2DM fasting during Ramadan, studied in routine clinical practice.

Patients and methods
====================

Study design and patient population
-----------------------------------

Details of the VIRTUE study design and key patient eligibility criteria have been reported previously.[@b20-dmso-9-225] This was a multicenter, prospective, noninterventional study conducted in the Middle East and Asia, and only data originating from routine clinical practice were collected. The study included adult (≥18 years) Muslim patients diagnosed with T2DM ≥12 months before the start of Ramadan fasting who were receiving treatment with vildagliptin or SUs (as monotherapy or as add-on to metformin, as per routine care and according to locally approved prescribing information) for ≥4 weeks and \<3 years prior to the start of fasting. All patients had a baseline HbA1c ≤8.5% within 6 weeks of study entry and provided written informed consent to the collection and use of data. The key exclusion criteria included contraindication to the medications of interest and requirement of three or more oral antidiabetic therapies or insulin therapy at study entry. Data were recorded from two or more routine clinic visits during an observational period of ∼16 weeks: up to 6 weeks prior to the start of fasting (baseline visit) and within 6 weeks after the end of the fasting period (final visit). Data were recorded from any additional patient visits occurring during the fasting period. Written informed consent for the collection and use of data was obtained from all participants and the study was performed in accordance with the Good Pharmacoepidemiological Practices, national requirements/regulations and the ethical principles laid down in the Declaration of Helsinki. The study was approved by the ethics committee at each center.

Assessments
-----------

As detailed previously,[@b20-dmso-9-225] the primary objective of the VIRTUE study was to assess the proportion of Muslim patients with one or more HEs during the fasting period receiving vildagliptin or SU alone (where approved) or combined with metformin. HEs were further defined as either grade 1 (mild), ie, any reported symptoms by the patient and/or any blood glucose measurement \<3.9 mmol/L (70 mg/dL), or grade 2 (severe), defined as requirement of third-party assistance. Secondary objectives included changes in HbA1c and body weight from prefasting baseline and overall safety, as assessed by monitoring of adverse events (AEs).

Statistical analyses
--------------------

Data from studies conducted under one umbrella protocol were pooled for analysis from Bangladesh, Egypt, India, Indonesia, Kuwait, Lebanon, Oman, Pakistan, Saudi Arabia, and the UAE.[@b20-dmso-9-225] Post hoc analyses were performed by therapy type (monotherapy and dual therapy) and patient age (\<65 years and ≥65 years) on the primary study variable of HE incidence in the vildagliptin vs SU cohorts. Statistical significance was assessed using a two-sided Fisher's exact test performed on data from patients who received at least one dose of the medication of interest at the beginning of Ramadan and had at least one efficacy assessment after the start of fasting (primary analysis set). All other assessments, except HbA1c (primary analysis set), were performed on the safety population, ie, all patients receiving at least one dose of the medication of interest at the beginning of Ramadan and having experienced at least one safety assessment.

Results
=======

Patient demographics and baseline characteristics
-------------------------------------------------

Of the 1,413 patients enrolled in the study, 1,333 patients have been included in the pooled analysis. Evaluable data were available for 1,315 patients, 684 of whom received vildagliptin therapy and 631 SU therapy.[@b20-dmso-9-225] Overall, 1,288 patients completed the study (n=668 \[97.7%\] in the vildagliptin cohort and n=620 \[98.3%\] in the SU cohort). As described previously,[@b20-dmso-9-225] participating patients were from the Middle East and Asia, with patient demographics and baseline characteristics generally similar for the two treatment cohorts (58.7% male, mean age 49.6 years, mean body mass index 29.0 kg/m^2^, and mean HbA1c 7.4%).

As shown in [Table 1](#t1-dmso-9-225){ref-type="table"}, at baseline, the majority of patients in the study were receiving dual therapy with metformin (n=1,148) and were aged \<65 years (n=1,189). The key baseline characteristics were broadly similar between the treatment cohorts for each subgroup analyzed, except for a longer duration of T2DM in patients aged ≥65 years compared with those aged \<65 years (7.8 years vs 3.6 years overall, respectively). In addition, changes to diabetes medication in preparation for Ramadan were more common among patients treated with SUs compared with those treated with vildagliptin, both in the overall population,[@b20-dmso-9-225] and across subgroups of therapy type and age ([Table 1](#t1-dmso-9-225){ref-type="table"}). Overall, the median daily dose of each treatment was the same at the beginning and end of Ramadan.[@b20-dmso-9-225]

Frequency of HEs
----------------

In the overall population, as previously reported, a significantly few patients experienced one or more HEs with vildagliptin treatment compared with SUs (5.4% vs 19.8%, respectively; *P*\<0.001).[@b20-dmso-9-225] Similar results were obtained when the incidence of hypoglycemia was analyzed according to the therapy type, with a few patients experiencing one or more HEs when treated with vildagliptin vs SU monotherapy and when receiving treatment with vildagliptin plus metformin compared with SU plus metformin; the latter comparison achieved statistical significance (*P*\<0.001; [Figure 1A](#f1-dmso-9-225){ref-type="fig"}). Analysis by age also showed a statistically significant difference in the proportion of patients with one or more HEs in favor of vildagliptin compared with SU therapy (*P*\<0.001), with the treatment difference more pronounced in patients aged ≥65 years ([Figure 1B](#f1-dmso-9-225){ref-type="fig"}). No grade 2 (severe) HEs were reported by any patients treated with vildagliptin. In comparison, four (0.7%) patients in the SU plus metformin group reported a grade 2 HE (*P*=0.048 vs vildagliptin dual therapy), of whom three were aged \<65 years and one ≥65 years. The majority of patients with hypoglycemia during fasting, whether analyzed by therapy type or by age, reported a single HE. In the monotherapy group, two (3.2%) patients in the vildagliptin cohort and three (3.6%) in the SU cohort experienced more than one HE. In the dual therapy groups, four (0.7%) vildagliptin-treated and eleven (2.0%) SU-treated patients reported more than one HE. No patient aged ≥65 years experienced more than one HE in the vildagliptin cohort; one (1.5%) patient aged ≥65 years in the SU cohort experienced more than one HE. In the subgroup of patients aged \<65 years, six (0.9%) receiving vildagliptin and 13 (2.3%) treated with SUs experienced more than one HE.

HbA1c and body weight changes pre to post Ramadan
-------------------------------------------------

Vildagliptin, as both monotherapy and dual therapy with metformin, was associated with a reduction in mean (SD) HbA1c from prefasting baseline levels to the end of the study (--0.5% \[0.4\] and --0.2% \[0.6\], respectively; [Figure 2A](#f2-dmso-9-225){ref-type="fig"}). In comparison, mean (SD) HbA1c at the end of the study with SU monotherapy had increased slightly from baseline by 0.2% (0.8), and an insignificant change was observed following treatment with SU plus metformin (0.0% \[0.5\]; [Figure 2A](#f2-dmso-9-225){ref-type="fig"}). Vildagliptin treatment was also associated with numerically greater reductions in HbA1c compared with SU therapy in patients aged \<65 years and in those aged ≥65 years ([Figure 2B](#f2-dmso-9-225){ref-type="fig"}). Mean changes in body weight pre to post Ramadan in the vildagliptin cohort compared with the SU cohort were −0.31 kg vs 0.10 kg, respectively, for patients in the monotherapy group and −0.81 kg vs −0.17 kg, respectively, for patients in the dual therapy group. In the subgroup of patients aged \<65 years, mean reductions in body weight from baseline were −0.74 kg with vildagliptin and −0.10 kg with SUs. Mean reductions in body weight from baseline in the subgroup of patients aged ≥65 years were −1.11 kg vs −0.44 kg with vildagliptin and SU therapy, respectively.

Safety and tolerability
-----------------------

A higher proportion of patients treated with SUs experienced any AE compared with patients treated with vildagliptin, either as monotherapy (18.1% vs 9.7%, respectively) or in combination with metformin (23.5% vs 10.2%, respectively). Similarly, a fewer patients experienced any AE when treated with vildagliptin compared with SUs in both age-groups (\<65 years: 10.6% vs 21.6%, respectively; ≥65 years: 2.8% vs 32.4%, respectively). Differences observed in the incidence of AEs between the vildagliptin and SU cohorts were driven primarily by hypoglycemia, which was also the most common AE in both therapy and age subgroups. The other most frequently reported AEs were pyrexia (eight patients \[1.3%\] in the vildagliptin group: one receiving monotherapy and seven dual therapy; eight patients \[1.4%\] in the SU group: two receiving monotherapy and six dual therapy), nausea (six patients \[0.9%\] in the vildagliptin group: all receiving dual therapy; two patients \[0.4%\] in the SU group: both receiving dual therapy), vomiting (six patients \[0.9%\] in the vildagliptin group; one receiving monotherapy and five dual therapy; one patient \[0.2%\] in the SU group receiving monotherapy), and diarrhea (five patients \[0.8%\] in the vildagliptin group: all receiving dual therapy; two patients \[0.4%\] in the SU group: both receiving dual therapy). All patients reporting these four specific AEs were aged \<65 years.

In the vildagliptin plus metformin group, two (0.3%) patients, both of whom were aged \<65 years, experienced a serious AE (SAE) (myocardial infarction \[n=1\] and viral hepatitis \[n=1\]). Five (0.9%) patients experienced an SAE in the SU plus metformin group, four of whom were aged \<65 years (hypoglycemia \[n=3\] and transient ischemic attack \[n=1\]) and one aged ≥65 years (hypoglycemia \[n=1\]). All nonhypoglycemic SAEs were considered to be unrelated to the study medication of interest. There were no reports of SAEs in patients receiving monotherapy with either vildagliptin or SUs.

Discussion
==========

Findings from the VIRTUE study, conducted in a real-world setting in Muslim patients with T2DM fasting during Ramadan, indicated that treatment with the DPP-4 inhibitor vildagliptin was associated with a significant and clinically relevant reduction in the incidence of HEs compared with SU treatment. Notably, lower frequency of HEs was observed with vildagliptin independent of the type of SU employed.[@b20-dmso-9-225] Although a lower frequency of HEs with DPP-4 treatment compared with SUs as monotherapy or as dual therapy with metformin during Ramadan has been reported by other studies conducted in patients with T2DM fasting during Ramadan,[@b8-dmso-9-225],[@b15-dmso-9-225]--[@b19-dmso-9-225] the current study extends this analysis to monotherapy or dual therapy type and age.

The majority of patients in our study received dual therapy with metformin, and the results demonstrated a significant, clinically relevant reduction in HE frequency during Ramadan in vildagliptin plus metformin-treated patients compared with those receiving SU plus metformin. Although a few patients experienced HEs with vildagliptin monotherapy relative to SU monotherapy, the between-treatment difference was not statistically significant when tested in this relatively small subgroup. A statistically significant lower incidence of HEs with vildagliptin in comparison to SUs was observed regardless of age, ie, \<65 and ≥65 years. While specific statistical comparisons between the age subgroups were not performed, the reduction in HE frequency in the vildagliptin- vs SU-treated cohort appeared to be amplified in those aged ≥65 years. This finding is of clinical importance, given that elderly patients tend to be at a higher risk of developing hypoglycemia and are more likely to experience debilitating consequences from severe HEs.[@b2-dmso-9-225],[@b4-dmso-9-225]--[@b6-dmso-9-225] In this analysis by age, three patients aged \<65 years and one patient aged ≥65 years experienced a grade 2 HE in the SU cohort. No severe grade 2 HEs were reported in patients receiving vildagliptin monotherapy or dual therapy compared with four severe HEs in the SU dual therapy group. Overall, these findings might be expected when considering the mechanistic action of SUs, which increase insulin independent of blood glucose levels,[@b4-dmso-9-225] and given the higher risk of HEs with SUs compared with vildagliptin and other DPP-4 inhibitors reported in clinical trials.[@b10-dmso-9-225]--[@b13-dmso-9-225] Vildagliptin is a DPP-4 inhibitor that improves glycemic control by modulating insulin and glucagon secretion in a glucose-dependent manner and is associated with low risk of hypoglycemia and weight gain in clinical trials.[@b8-dmso-9-225]--[@b14-dmso-9-225]

As observed in two other studies that assessed HbA1c pre and post Ramadan in vildagliptin and SU cohorts,[@b16-dmso-9-225],[@b21-dmso-9-225] a significant reduction in HbA1c from baseline with vildagliptin compared with SU treatment was reported during Ramadan in the overall VIRTUE population.[@b20-dmso-9-225] A trend indicating greater reductions in HbA1c from prefasting baseline with vildagliptin relative to SU treatment during Ramadan was also observed in the monotherapy and dual therapy subgroups and in patients aged \<65 years and ≥65 years in the current analysis. This finding may partly be a result of patients avoiding higher doses of SUs or reducing their SU dosage in preparation for Ramadan fasting.

Changes in dietary patterns during Ramadan and the short study duration make it difficult to draw definitive conclusions from body weight changes in this analysis. Nevertheless, small reductions in body weight from prefasting baseline were reported in all therapy type and age subgroups of patients receiving vildagliptin, with a trend for numerically greater reductions in weight relative to SU treatment across all subgroups.

Vildagliptin monotherapy and dual therapy with metformin were generally well tolerated by fasting patients in the study. Similarly, vildagliptin therapy was also generally well tolerated regardless of age. Although the reliance on data collected by physicians in routine practice may have led to the underreporting of AEs and HEs, the trend for a lower AE frequency with vildagliptin relative to SU treatment observed for the overall study population[@b20-dmso-9-225] was also reported in both monotherapy and dual therapy as well as age subgroups, and was driven primarily by hypoglycemia as the most common AE in all subgroups. This also appears to be in agreement with the trend for lower AE frequency with vildagliptin relative to SU treatment reported in other studies of patients fasting during Ramadan.[@b8-dmso-9-225],[@b15-dmso-9-225],[@b16-dmso-9-225] The low frequency of AEs in patients aged ≥65 years treated with vildagliptin (2.8%) compared with SUs (32.4%), which was driven by the difference in HEs, indicates that vildagliptin was particularly well tolerated in this vulnerable population.

Limitations of the VIRTUE study have been reported previously,[@b20-dmso-9-225] but in brief relate mainly to the observational, nonrandomized nature of the study design and the absence of standardized methods for data collection, which together may potentially allow for observer bias. Despite the study design, however, it is worth noting that the large study population observed in this real-world setting increases the robustness of the results and improves generalizability to a broader population than could be achieved in a single randomized, interventional trial.

Conclusion
==========

VIRTUE is the first Ramadan study conducted in fasting patients with T2DM in routine practice to provide data on the influence of therapy with or without metformin and age on vildagliptin and SU treatment effects. As oral agents that promote insulin and inhibit glucagon secretion in a glucose-dependent manner, DPP-4 inhibitors, such as vildagliptin, are emerging as useful treatment options as monotherapy or in combination with metformin in patients with T2DM. Among the commonly used antidiabetic agents, the beneficial effects of vildagliptin on HbA1c, hypoglycemia incidence, and weight make it a potential treatment of choice for fasting patients, particularly high-risk populations such as the elderly.
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![Number of patients in the vildagliptin and SU treatment cohorts with one or more HEs during Ramadan fasting according to (**A**) therapy type (monotherapy or dual therapy with metformin) and (**B**) age (\<65 years or ≥65 years; primary analysis set).\
**Note:** \**P*\<0.001 vs SU cohort (Fisher's exact test).\
**Abbreviations:** SU, sulfonylurea; HEs, hypoglycemic events.](dmso-9-225Fig1){#f1-dmso-9-225}

![Mean (SD) change in HbA1c from prefasting baseline to study end for patients in vildagliptin and SU treatment cohorts.\
**Notes:** (**A**) Therapy type (monotherapy or dual therapy with metformin) and (**B**) age (\<65 years or ≥65 years).\
**Abbreviations:** HbA1c, glycated hemoglobin; SU, sulfonylurea; SD, standard deviation.](dmso-9-225Fig2){#f2-dmso-9-225}

###### 

Patient demographics and baseline characteristics by therapy type and age (safety set)

  Variables                                                                        Monotherapy   Dual therapy[a](#tfn1-dmso-9-225){ref-type="table-fn"}   \<65 years    ≥65 years                                               
  -------------------------------------------------------------------------------- ------------- -------------------------------------------------------- ------------- ------------- ------------- ------------- ------------- -------------
  Sex (male), n (%)                                                                36 (58.1)     43 (51.8)                                                350 (57.7)    330 (61.0)    367 (58.0)    335 (60.3)    19 (52.8)     38 (55.9)
  Race, n (%)                                                                                                                                                                                                                   
   Caucasian                                                                       20 (32.3)     2 (2.4)                                                  185 (30.5)    179 (33.1)    182 (28.8)    140 (25.2)    23 (63.9)     41 (60.3)
   Black                                                                           0 (0.0)       2 (2.4)                                                  8 (1.3)       4 (0.7)       8 (1.3)       5 (0.9)       0 (0.0)       1 (1.5)
   Asian                                                                           31 (50.0)     40 (48.2)                                                258 (42.5)    246 (45.5)    279 (44.1)    271 (48.7)    10 (27.8)     15 (22.1)
   Other                                                                           11 (17.7)     39 (47.0)                                                156 (25.7)    112 (20.7)    164 (25.9)    140 (25.2)    3 (8.3)       11 (16.2)
  Weight (kg), mean (SD)                                                           74.6 (16.8)   77.7 (17.9)                                              82.9 (15.4)   79.3 (16.1)   82.4 (15.7)   79.3 (16.4)   77.7 (15.0)   77.1 (15.8)
  BMI (kg/m^2^), mean (SD)                                                         26.6 (4.9)    28.1 (5.5)                                               29.7 (5.1)    28.7 (5.1)    29.4 (5.1)    28.6 (5.1)    29.7 (6.6)    28.5 (5.1)
  T2DM duration (years), mean (SD)                                                 2.9 (2.3)     4.3 (3.7)                                                3.5 (3.3)     4.5 (4.3)     3.3 (3.0)     3.9 (3.2)     5.9 (5.2)     8.7 (8.0)
  HbA1c (%), mean (SD)                                                             7.5 (0.7)     7.5 (0.9)                                                7.3 (0.8)     7.4 (0.8)     7.3 (0.8)     7.5 (0.9)     7.5 (0.7)     7.2 (0.8)
  Change to diabetes medication[b](#tfn2-dmso-9-225){ref-type="table-fn"}, n (%)   0 (0.0)       7 (8.4)                                                  66 (10.9)     119 (22.0)    65 (10.3)     121 (21.8)    1 (2.8)       5 (7.4)

**Notes:**

Plus metformin.

For fasting during Ramadan.

**Abbreviations:** SU, sulfonylurea; BMI, body mass index; T2DM, type 2 diabetes; HbA1c, glycated hemoglobin; SD, standard deviation.
